In cranial skeletal development, the establishment of the ectomesenchymal lineage within the cranial neural crest is of great significance. Fgfs are polypeptide growth factors with diverse functions in development and metabolism. Fgf20b knockdown zebrafish embryos showed dysplastic neurocranial and pharyngeal cartilages.
hpf. The pattern for Fgf20b is quite distinct from that for Fgf20a, which is mainly expressed in the hindbrain at 16 hpf and a cluster of cells in each rhombomere after 18 hpf [12] . Cranial neural crest cells arise from dorsal and lateral regions of the neural ectoderm, and then migrate to the pharyngeal arches, where they form neural and skeletal tissues [18] . The expression of Fgf20b suggests potential roles in the development of cranial neural crest cells.
Inhibition of Fgf20b functions results in mandibular hypoplasia
To inhibit Fgf20b functions in zebrafish embryos, we used splice-site-targeted Fgf20b MOs (Fgf20b MO1 and MO2) ( Fig. S1A ). RNA was isolated from wild-type, Fgf20b MO1-injected, or Fgf20b MO2-injected embryos at 48 hpf.
Fgf20b cDNA was amplified from the RNA by RT-PCR using the P1 and P2 primers ( Fig. S1B ). Mature Fgf20b mRNA levels decreased significantly in the Fgf20b MO1 and Fgf20b MO2-injected embryos in a dose-dependent manner. In addition, mis-spliced Fgf20b mRNA forms were significantly detected. These results indicate that Fgf20b MO1 and MO2 significantly impaired the maturation of Fgf20b mRNA. We analyzed Fgf20b knockdown embryos at 5 days post fertilization (dpf) ( Fig. 2A-H) . The Fgf20b MO1-injected embryos showed impaired head regions (75.6%, n=45 by 20 ng; 83.3%, n=24 by 30 ng). In particular, mandibular hypoplasia, a significant reduction in the size of the lower jaw, was observed. The Fgf20b MO2-injected embryos showed similar phenotypes to the Fgf20b MO1-injected embryos (86.1%, n=36 by 4ng; 98.7%, n=44 by 6 ng). However, the mandibular hypoplasia in Fgf20b MO1(20 ng)-injected embryos was significantly rescued by the injection of capped Fgf20b mRNA (69.2%, n=26 by 0.025 pg mRNA; 83.3 %, n=24 by 0.05 pg mRNA). These results suggest that Fgf20b is required for the proper formation of the lower jaw.
Fgf20b is required for neurocranial and pharyngeal cartilage to form
We examined Fgf20b knockdown embryos at 5 dpf by histological analysis with Alcian blue, which stained sulfated glycosaminoglycan-rich tissues such as cartilage ( Fig. 2I-N) . The size of the anterior neurocranial cartilage, which includes the ethmoid plate and trabeculae, and pharyngeal cartilage was significantly reduced in 
Fgf20b is required for the ectomesenchymmal fate establishment of cranial neural crest cells
Cranial neural crest cells have the potential to generate mesenchymal derivatives, which can be classified into two mesenchymes, ectomesenchyme and non-ectomesenchyme [19] . In zebrafish, these cells are spatially segregated in the premigratory neural crest cells [15] . After migrating to pharyngeal arches, ectomesenchymal cells form cartilage and connective tissues [2] . The drosophila distal-less homeobox gene dlx2 is a marker for ectomesenchymal cells [2] . dlx2 expression was significantly decreased in Fgf20b knockdown embryos (20 ng MO1) (78.8%, n=33) ( Fig. 3A, B ). The forkhead box-containing transcription factor gene foxd3 is expressed in premigratory and early migratory neural crest cells [20] . The HMG box-containing transcription factor gene sox10 is expressed in the migratory neural crest cells [2] . foxd3 and sox10 are markers for neural crest cells with a non-ectomesenchymal fate [2] .
foxd3 and sox10 expression was significantly increased in Fgf20b knockdown embryos (20 ng MO1) at 24 hpf (67.7%, n=31 and 77.4%, n=32, respectively) ( Fig. 3C-F) . These results indicate that the neural crest cells did not properly differentiate into ectomesenchymal cells in Fgf20b knockdown embryos
Fgf20b is not required for the endoderm to form in neurocaranial and pharyngeal cartilages
We examined the roles of Fgf20b after the migration of cranial neural crest cells to the pharyngeal arches. The type II collagen gene col2a1a is a marker for differentiating chondrocytes [17] . col2a1a expression was also decreased in the pharyngeal arches of Fgf20b knockdown embryos (90.6 %, n=32) ( Fig. 3G, H) .
These results indicate that a decrease in ectomesenchymal cells resulted in These results suggest that Fgf20b is not essential to the formation of the endoderm in the pharyngeal cartilage. 
Fgfr1 is required for neurocranial and pharyngeal cartilage to form
Fgf20 functions via the activation of Fgfr1 in a paracrine manner [6] . Fgf20b is also expected to function via the activation of Fgfrs in a paracrine manner. The zebrafish Fgfr gene family comprises four members, Fgfr1-Fgfr4 [13] . We generated Fgfr1-Fgfr4 knockdown embryos injected with splice-site targeted Fgfr1-Fgfr4 MOs as described previously [13] . The knockdown embryos at 5 dpf were examined by histological analysis with Alcian blue staining. Aberrant neurocranial and pharyngeal cartilages were observed only in Fgfr1 knockdown embryos (70 %, n=10 by 12 ng) ( Fig. S2A-D) . Fgfr1 was expressed in the region where migrating cranial neural crest cell subpopulations possibly exist at 14 hpf (Fig.   S2E ). Later, Fgfr1 was expressed in the pharyngeal arches at 24 hpf (Fig. S2F ).
This expression pattern is essentially consistent with that reported [24] . In addition, Fgf20 potentially binds to and activates Fgfr1 [6] . These results indicate that Fgf20b possibly functions via the activation of Fgfr1
Zebrafish Fgf20a functions in fin regeneration, the restriction of neurogenesis, and the segment center progenitor population [11, 12] . The present results indicate that Fgf20b has roles distinct from those of Fgf20a. In conclusion, Fgf20b
contributes to head skeletal development by establishing the ectomesenchymal fate of cranial neural crest cells in zebrafish.
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